Results and Discussion

Structure of CVA21
The crystals of CVA21 belong to space group P4 2 32, with 346.3 % a % 348.0 Å ( Table 1 ). The Matthews coefficient (2.5 Å 3 /Da) shows that there are two virus particles in the unit cell. Thus, each particle must be situated at a special position with 23 symmetry. Given the icosahedral symmetry of the virus, this implies that the noncrystallographic symmetry redundancy is 5. The best R factor, obtained for crystals at pH 6.4, was 0.225 (Table 1). No significant difference was found for structures determined from crystals grown at pH values ranging from 5.5 to 7.2.
As expected, among the known structures of picornaviruses, CVA21 has the greatest similarity to polioviruses (Figure 1) . The biggest differences occur at the chain termini and in some loop regions, such as the carboxyl termini of VP1 and VP3 (forming part of the canyon rim), parts of the internal VP4 protein, the B-C and D-E loops of VP1 (forming the 5-fold vertex of the virus), and the protruded E-F loop region of VP2 (the "puff" region) (Figure 1 ). The puff region, which is especially variable among picornaviruses, is one of the large contact regions between CVA21 and ICAM-1 and between PV and its receptor PVR. No equivalent densities were found in the CVA21 though no myristate could be seen in maps of HRV1A map. However, a high-density peak was found surrounded of ICAM-1. This similarity suggests that, on the cell surface, the virus might bind to a dimer of the full-length by polar groups belonging to Ser1021, Thr1022, Ser1024, and Asn1063 ( Figure 2D) ., 1995) . sity. Although EDTA was used in the virus purification and was also used at low concentration in the final crystallization conditions, the putative metal atom was
Non-Protein Components that
The Interface between CVA21 and ICAM-1 Kilifi buried inside the virus at the N terminus of VP1, preIn the previously published 26 Å resolution description venting it from being chelated by EDTA.
of the CVA21/ICAM-1 complex, the density representing ICAM-1 has a smooth surface ( Figure 4C, left panel) .
Cryo-EM Reconstruction
The current interface with ICAM-1 are conserved ( Figure 7B ). Hownot be contributing significantly to the virus/receptor affinity. Four adjacent Pro residues (Pro1156, Pro1157, ever, some charged residues (Arg1161, Asp1221, and Asp2167) are not conserved, indicating that they may Pro1160, and Pro1162) associated with the ionic site ( Table 2 ) in order to make the values comparable to those of doIn order to provide cryoprotection, glycerol and PEG400 were mains D1 and D2. added to the mother liquor to a concentration of 20% and 10%, respectively, prior to crystal freezing. Several data sets (Table 1) were collected on frozen (100 K) crystals at the Advanced Photon Elbow Angles Source of Argonne National Laboratory.
The elbow angles between neighboring domains were calculated The DENZO program (Otwinowski and Minor, 1997) was used for as described previously (Xiao et al., 2004) . Two C α atoms were seindexing and integrating the diffraction data, and the SNP program lected for each domain (Table 2 ) to define their long axes. The elin the DPS suite (Rossmann and van Beek, 1999) was used for bow angle between two domains was defined as being the angle scaling and merging the data from different frames. Starting phases between their long axes ( Table 2) . Although the elbow angle bewere calculated to 4 Å resolution by using the known PV1 coorditween domains D1 and D2, between D3 and D4, and between D4 nates (PDB accession number 2PLV). Crystallographic and noncrysand D5, have been characterized crystallographically ( mization by using the program CHARMM (Brooks et al., 1983) . Only atoms within the virus/receptor interface were allowed to move in Cryo-EM order to eliminate steric collisions. After the minimization, the po-CVA21 infectious particles, at a final concentration of approxitential energies of the interactions between ICAM-1 and CVA21 mately 5 mg/ml, were incubated with ICAM-1 Kilifi at room temperwere also calculated by CHARMM (Table 2) . ature for 45 min. The viruses were incubated with an excess of receptor. There were 5.4 receptors for each virus binding site. After incubation, the samples were frozen for cryo-EM as described preInterface Analyses Residues in the virus/receptor interface were identified as those in viously (Xiao et al., 2001) . All of the cryo-EM micrographs were recorded on a Philips FEG300 microscope at a magnification of CVA21 that had atoms less than 4 Å from any atom in ICAM-1 Kilifi . The buried surface area and the number of contacts were calcu-47,000× using a voltage of 300 kV. Micrographs were then scanned
